Stachys piliferaBenth has long been used to treat infectious diseases as well as respiratory and rheumatoid disorders in Iranian folk medicine. Antioxidants, antitumor, and antimicrobial properties of the plant have been reported. Objectives: This experimental study was designed to evaluate systemic and topical anti-inflammatory effects of the hydro-alcoholic extract from aerial parts of Stachys pilifera (HESP). Materials and Methods: Anti-inflammatory effects of HESP was studied in four well-known animal models of inflammation, including carrageenan-or formalin-induced paw edema in rat (thirteen groups, 6 rats per each group), and 12-O-tetradecanoylphorbol-13-acetate (TPA)-or xylene-induced ear edema in mouse (ten groups, 6 mice per each group). The rats received HESP (50-400 mg/ kg) orally 45 minutes before the subplantar injection of carrageenan or formalin. In TPA or xylene tests, HESP (1, 2.5, and 5 mg/ear) was applied topically simultaneous with these phlogistic agents on the ear mice. Finally, pathological examination of the inflamed tissues (paw and ear) was carried out. Results: Acute toxicity study of the extract showed that no rats were killed at 5000 mg/kg (LD50 > 5000 mg/kg). The extract (100 and 200 mg/ kg) significantly suppressed carrageenan-induced paw edema 1, 2, 3, and 4 hours after carrageenan challenge in comparison with the control group (P < 0.001). The HESP (100 and 200 mg/ kg) also produced a considerable antiedematogenic effect in the formalin test over a period of 24 hours (P < 0.01). Furthermore, topical administration of the HESP (1, 2.5, and 5 mg/ear) inhibited TPA-and xyleneinduced ear edema in comparison with the control group (P < 0.001). The pathological analysis of the paws and ears revealed that HESP was capable of reducing tissue destruction, cellular infiltration, and subcutaneous edema induced by the indicated phlogistic agents.
Background
Inflammation is a natural body response to some harmful stimuli such as irritants, damaged cells, pathogens, and thermal or mechanical injury in order to restore the body's homeostasis (1) . Various pathological states such as multiple trauma, acute transplant rejection, ischemia reperfusion injury, atherosclerotic heart disease, and cancer have been shown to initiate systemic or local inflammation (1) (2) (3) . During the inflammation process, leukocytes are migrated to the site of injury and some kinds of cytokines such as interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α) are released. Moreover, reactive oxygen species (ROS) are produced during inflammatory reaction (3, 4) .
Today, non-steroidal anti-inflammatory drugs (NSAIDs) and glucocorticoids are the main options for treatment of inflammatory disorders (5) . Nevertheless, prescription of these anti-inflammatory agents may produce some serious side effects such as peptic ulcer, renal dysfunction, and cardiovascular problems (6) . Thus, it seems necessary to find a new anti-inflammatory drug with fewer complications than NSAIDs or glucocorticoids, particularly from natural origins.
The genus Stachys (Lamiaceae) contains about 300 species and extensively distributed in tropical and subtropical countries (7) . This genus in Iran is represented by 34 species that 13 of them are endemic (8, 9) . Phytochemical evaluation of Stachys species has been confirmed the presence of flavonoids, phenylethanoid glycosides, diterpenes, saponins, terpenoids, and steroids in them (10) (11) (12) . Several biological studies have been reported considerable anti-inflammatory, antioxidant, antibacterial, and anti-hepatitis effects of this genus (13) (14) (15) (16) (17) . Stachys pilifera Benth is one of the endemic species in Iran and aerial parts of this plant are used in Iranian folk medicine, as herbal tea, for the treatment of various disorders such as asthma, rheumatoid arthritis, and infections (8) . A biological study reported the potent antioxidant, antimicrobial, and antitumor activities of the n-butanolic extract of Stachys pilifera in vitro conditions (18) .
Objectives
To our knowledge, there is no report on the anti-inflammatory potential of Stachys pilifera in the literature. Hence, the objective of the present study was to investigate the systemic and local anti-inflammatory effects of HESP (hydro-alcoholic extract from aerial parts of Stachys pilifera) in different experimental models of inflammation. 
Materials and Methods

Plant Materials
Aerial parts of Stachys pilifera, including stems and leaves were collected during May 2013 from the suburbs of Yasuj, Iran. The plant was authenticated by Dr. A. Jafari from Department of Botany, Center for Research in Natural Resource and Animal Husbandry, Yasuj University, Yasuj, Iran, where a voucher specimen (herbarium No. 1897) was deposited. The collected aerial parts of Stachys pilifera were neatened, shade dried, and powdered.
Extract Preparation
The powdered plant (200 g) was extracted two times with l000 mL mixture of EtOH-H2O (7:3) at 45°C for 48 h. The extract was filtered and organic solvent was completely evaporated under reduced pressure in a rotary evaporator (Hyedolph, type: Heizbad Hei-VAP, Germany) at 60°C. Next, the concentrated extract was dried at room temperature. The average yield ratio of the hydroalcoholic extract was about 20.3%.
Experimental Animals
Adult male Wistar rats (200-250 g) and adult male Swiss albino mice (25-35 g ) were obtained from Pasteur Institute of Iran (Tehran, Iran). The animals were randomly (by simple randomization) divided into groups, six per each (17, (19) (20) (21) . The animals were kept under a 12:12 h light/dark cycle at 24 ± 2°C and allowed free access to normal diet and water.
Grouping
Sample size was calculated as five animals per group by the following formula:
Where Z α = 1.96, Z β = 0.84, Sd = 0.22 and d = 0.4. However we assign six animals to each group. The expected power was considered as 80%.
Chemicals
Formalin and xylene were obtained from Merck (Darmstadt, Germany). Carrageenan (lambda) was purchased from Fluka Chemical (Switzerland). Indomethacin and TPA (12-O-tetradecanoylphorbol-13-acetate) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Carrageenan-Induced Paw Edema in Rats
The method of acute inflammation used in this work was similar to that described in our previous works (22, 23) . Rats were randomly allocated to six groups of six animals; including control group (vehicle group); treatment groups (50, 100, 200, and 400 mg/kg), and indomethacin group (10 mg/kg), as the standard drug. The indicated groups were orally treated with vehicle, HESP, or indomethacin 45 minutes prior to carrageenan injection. For induction of inflammation, the rats received an injection of 100 µL of 1% (w/v) suspension of ƛ-carrageenan in saline, into the plantar side of right hind paw (24) . The paw thickness was measured from the ventral to the dorsal surfaces using a digital caliper (Mitutoyo, Japan) immediately before carrageenan challenge and after that at 1, 2, 3, and 4 hours time. Data were expressed as the variation in the paw thickness (mm) and compared to pre-injection values (25) . At the end of the experiment, the animals were euthanized by diethyl ether and the inflamed paws were removed and fixed in 10% formaldehyde solution for histological examination.
Formalin-Induced Edema in the Rat Paw
Animals were randomly allocated to four groups of six rats, including control group (vehicle group), treatment groups (100 and 200 mg/kg), and indomethacin group (10 mg/kg). Paw edema was induced in male Wistar rats by injection of 100 µL of formalin 2% into the plantar side of right hind paw (26) . Vehicle, extract (100 and 200 mg/ kg), and indomethacin (10 mg/kg) groups were gavaged 45 minutes before formalin injection. The thickness of paw was recorded 1, 2, 3, 4 and 24 hours after formalin challenge.
TPA-Induced Mouse Ear Edema
Adult male Swiss albino mice (25-35 g) were randomly divided into five groups of 6 animals. Ear edema was induced on the anterior and posterior surfaces of the right ear of the mice by the topical application of 2.5 µg/ear of TPA dissolved in 20 µL of acetone (27) . Both extract (1, 2.5, and 5 mg/ear) and indomethacin (0.5 mg/ear) were also dissolved in acetone and were applied simultaneously with TPA. The animals were euthanized 4 hours after the TPA application, and two ear punches (6 mm diameter) were taken from each mouse. Edema was expressed as the difference between the weight (mg) of punched ears. Three ear samples were fixed in formalin 10% for histological examination.
Xylene-Induced Mouse Ear Edema
Adult male Swiss albino mice (25-35 g) were randomly assigned to five groups of 6 animals. Experiments were carried out according to Shang et al. method (28) . The acute inflammation was induced on the anterior and posterior surfaces of the right ear by the topical application of 30 µL/ear of xylene. The extract (1, 2.5, and 5 mg/ear) or indomethacin (0.5 mg/ear) were applied simultaneously with xylene. One hour later, the animals were euthanized and two ear punches (6 mm diameter) were taken from each mouse and weighed. The increase in the weight of the right ear punch compared to the left ear indicated the edema.
Histological Examination
For histological assessment, three samples of the inflamed ears or paws from the control and the extract treated groups were taken and fixed in 10% formaldehyde for one week. Then, the fixed tissues were embedded in paraffin and cut into 3-4 µm sections. The slices were mounted on the glass slides, stained with hematoxylin and eosin and finally examined by a pathologist in a blinded way.
Ulcerogenic Effect
After evaluation of the paw edema in the carrageenan test, the animals were euthanized by diethyl ether. The stomachs were taken and cut along the greater curvature. Next, the mucosal surface was washed with normal saline and observed with a convex lens (magnification 10×) for possible injuries or bleeding (29).
Acute Toxicity
In order to determine the LD50 of HESP, three groups of rats (n = 6) received the extract (1000, 3000, and 5000 mg/kg, orally). The animals were observed for behavior changes and mortality for 48 hours (30).
Statistical Analysis
The data are presented as the mean and standard error of the mean (Mean ± SEM). The normality of the data has been checked by Kolmogorov-Smirnov test, using SPSS 13.0 software and all variables had normal distribution. The differences between the control and treatment groups were tested by 1-way analysis of variance (ANOVA) followed by the Tukey post-hoc test. P < 0.05 was considered to show significant differences for all comparisons.
Results
Effect of HESP on Carrageenan-Induced Paw Edema in Rats
As shown in Table 1 , oral treatment of the animals with HESP at doses of 100 and 200 mg/kg produced a significant inhibitory effect on carrageenan-induced paw edema compared to the control group (P < 0.05, P < 0.01, and P < 0.001). The anti-inflammatory effect of HESP began immediately after carrageenan injection and lasted over 4 hours. The dose of 50 mg/kg HESP also reduced the paw thickness; however, this effect was not statistically significant. Oral administration of HESP (400 mg/kg) had no suppressive effect on the carrageenan-induced paw inflammation. Oral administration of indomethacin, (10 mg/kg) also showed a significant inhibitory effect on the paw swelling (P < 0.001).
Effect of HESP on Formalin-Induced Paw Edema
As presented in Table 2 , subplantar injection of formalin (2%, 100 µL) produced a prominent inflammation, began immediately after formalin injection. The effective doses of HESP (100 and 200 mg/kg) in the previous test were applied in the formalin model. The indicated doses of HESP significantly inhibited the development of paw edema at 1, 2, 3, 4, and 24 h after injection (P < 0.01 and P < 0.001), compared to the control group. As expected, indomethacin (10 mg/kg) also considerably inhibited the formalininduced paw edema (P < 0.01 and P < 0.001).
Effect of HESP on TPA-Induced Mouse Ear Edema
The weight of mice's ear drastically increased 4 hours after topical application of TPA. As shown in Table 3 , topical application of HESP at doses of 1, 2.5, and 5 mg/ear dosedependently decreased TPA-induced ear edema (P < 0.05, P < 0.01, and P < 0.001, respectively). Topical indomethacin (0.5 mg/ear) also elicited a significant antiedematogenic effect on TPA-induced ear edema (P < 0.001).
Effect of HESP on Xylene-Induced Mouse Ear Edema
Topical application of xylene on the ear of mice in the control group caused a marked increase in the weight of the ears (Table 4) . Topical application of HESP (1, 2.5, and 5 mg/ kg) simultaneous with xylene, suppressed xylene-induced ear edema in mice (P < 0.05 and P < 0.01). Indomethacin (0.5 mg/ear) did not exhibit a considerable anti-inflammatory effect in the model of xylene-induced ear edema.
Histological Examination
As illustrated in Figure 1 , histological assessment of the paw tissues showed that subplantar injection of carrageenan has induced hyperplasia, edema, and congestion of vessels. Furthermore, infiltration of inflammatory cells such as lymphocytes and neutrophils into the connective tissues was noticeable. Oral administration of HESP (100 and 200 mg/kg) and indomethacin (10 mg/ kg) greatly reduced the indicated changes. Ear biopsies of TPA-treated group (Figure 2) showed a marked increase of epidermis thickness, edema, and infiltration of polymorphonuclear (PMN) leukocytes. Topical administration of the HESP (1, 2.5, 5 mg/ear) and indomethacin (0.5mg/ear) could decrease these inflammatory lesions. 
Ulcerogenic Effect of HESP
According to the gastric evaluation, treatment of rats with HESP at doses of 50, 100, 200, and 400 mg/kg (in the carrageenan test) did not produce any gastric lesions or bleeding compared to the vehicle-treated group.
Acute Toxicity
During 48 h following oral administration of HESP (1000, 3000, 5000 mg/kg), no behavior changes or death occurred. These results indicated that the LD50 value of HESP was greater than 5000 mg/kg.
Discussion
In the present study, oral administration of HESP showed potent anti-inflammatory effects in different animal models of inflammation, including carrageenan-and formalin-induced paw edema in rat and TPA-or xylene-evoked ear edema in mouse. The carrageenaninduced paw edema is a time-dependent and biphasic inflammation reaction that various inflammatory mediators participate in its progress (31) . The first phase of inflammation (0-1 hour) is related to the release of histamine, bradykinin, serotonin, and cyclooxygenase (COX) products (32, 33) , while the late phase of edema is linked with the infiltration of PMN leucocytes, release of prostaglandins, and production of oxygen-derived free radicals (32, 34) .
HESP (100 and 200 mg/kg) elicits prominent inhibitory effects on the development of paw swelling in the two phases of the carrageenan test. Therefore, it is plausible that HESP reduces the release of pro-inflammatory mediators involved in the two phases of the carrageenan challenge. These results supported previous work showing that a hydroalcoholic extract of other species of Stachys such as Stachys inflata Benth and Stachys byzanthina C. Koch produced anti-inflammatory effects in vivo conditions (16, 17) . In the formalin test, oral administration HESP similar to indomethacin (as a reference drug) attenuated the development of paw edema, lasting for 24 hours, indicating its long duration of action. It is reported that similar to carrageenan test, subplantar injection of formalin also produces a biphasic event.
During the initial phase (also called neurogenic phase) substance P and bradykinin are released, while in the second phase histamine, serotonin, prostaglandins, and bradykinin are involved (35) . Anti-inflammatory effect of HESP on the formalin test, particularly in the neurogenic phase, led us to evaluate the effect of extract in another neurogenic inflammatory test (xylene-induced ear edema). Topical application of HESP suppressed xyleneinduced ear edema. Xylene-induced ear edema causes severe vasodilation and increases vascular permeability associated with substance P (36). Substance P, as a neurotransmitter, spreads all over the CNS. Furthermore, substance P generates neurogenic inflammation when peripherally stimulated. Xylene-induced swelling is followed by innate immunity response of the skin, a cytotoxicity reaction of activated T cells and then migration of PMN leucocytes which augment swelling and heaviness of the ear (37) . Taken together, the results of anti-inflammatory effects of HESP on both formalin and xylene tests suggest that it inhibits neurogenic inflammation through suppressing the release or action of neuro-mediators especially substance P.
Finally, the topical application of HESP, exhibited a noticeable antiedematogenic effect in TPA-induced ear edema in mice. TPA-induced ear edema is a valuable model of skin inflammation for assessment of local and systemic anti-inflammatory agents (23) . TPA develops local inflammation through leucocyte infiltration and generation of ROS because of activation of protein kinase C (PKC). This enzyme makes active the other enzymatic pathways such as phospholipase A2 (PLA2) and mitogen activated protein kinases (MAPK), resulting in the release of platelet activation factor (PAF) and arachidonic acid. These series of events either induce vasodilatation, vascular permeability, and discharge of serotonin and histamine or initiate production of prostaglandins and leukotrienes via COX and 5-lipoxygenase (5-LOX) enzymes, respectively (38, 39) .
Peptic ulcer is one of the most important adverse effects of NSAIDs. This side effect of NSAIDs is linked to their ability to inhibit COX-1, which catalyzes the synthesis of prostaglandins (6) . Macroscopic examination of the gastric mucosa in the extract-treated groups (in the carrageenan test) showed no tissue injuries or hemorrhage. Hence, the anti-inflammatory properties without gastric damage led us to suppose that the active components of HESP did not inhibit COX-1. COX enzymes catalyze the synthesis of prostaglandins and thromboxanes from arachidonic acid that released by most cell types (40) (41) (42) . Two isoforms of COX have been identified, COX-1 and COX-2 (40). COX-2 is often considered as the inducible isoform of COX, since levels of COX-2 increase in response to various types of tissue stimulation (42) . Bearing in mind that the production of arachidonic acid metabolites via the COX-2 enzyme is the main reason for developing of the inflammation in the early and late phases of the carrageenaninduced edema, the results of TPA test propose that the anti-inflammatory activity of HESP is probably related to inhibition of synthesis of COX-2 products. PMN cells migration have a crucial role in the second phase of the carrageenan-induced inflammation and TPA-induced ear edema (43) . In addition, the pathological evaluation of inflamed tissues (paws and ears) showed that HESP inhibited infiltration of PMN leucocytes into the site of inflammation. Therefore, another possibility is that HESP exerts its anti-inflammatory effect partly through the inhibition of leukocytes infiltration. Literature review showed the existence of phenolic compounds such as polyphenols, phenolic acids, flavonoids, iridoids, and phenylethanoid glycosides in the plants of the genus Stachys (44, 45) . These compounds are usually water-sol-uble and the presence of them in the extract may be the major reason of its significant anti-inflammatory activity. It is important to notice that the extract in the higher dose (400 mg/kg) failed to suppress the development of carrageenan-induced paw edema.
This finding is consistent with the previous study about Stachys inflata. Maleki et al. reported that the hydroalcoholic extract of Stachys inflata at the dose of 400 mg/kg could not prevent the carrageenan-evoked paw edema in rats (17) . The discrepancy between the inhibitory effect at low doses and lack of effectiveness at higher dose might be interpreted by this theory that some of the active component(s) of Stachys pilifera at high doses elicited pro-inflammatory activities (17) .
In conclusion, the results of the present study demonstrated systemic and local anti-inflammatory effects of Stachys pilifera in animal models of inflammation. These findings should be taken as a base for further investigation on the exact mode of action of individual constituents of the extract.
